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The development of an accurate and cost-effective theory of
electron correlation has been a major goal of quantum chemistry
for decades. In 1989, we proposed a method [1], termed CCSD(T),
which provided a novel perturbative treatment of the effects of
triple excitations to augment the popular coupled cluster singles
and doubles (CCSD) model [2,3]. More than two decades later, it
still stands as the method of choice for accurate quantum chemical
applications. It provides a consistently accurate description of
chemical interaction strengths ranging from the strong multiple
bonding in N2 to the weak van der Waals interaction in He2 [4].
Its combination of accuracy and applicability makes it a uniquely
suitable method for a wide variety of molecules [5–7], and it has
been termed as the ‘Gold Standard’ of quantum chemistry [8].
There are three important ingredients that led to the develop-
ment of the CCSD(T) method in 1989. The ﬁrst ingredient was
the realization that the effects of triple excitations are vital to
any quantitatively accurate treatment of electron correlation
[9–11]. However, a straightforward evaluation using a method
such as CCSDT is prohibitively expensive, involving iterative
O(N8) steps. The second ingredient was the idea of a perturbative
and non-iterative treatment of the effects of triple excitations
[12,13]. The ﬁrst such method, termed CCD+ST(CCD) [12], involved
an evaluation of the effects of triples (and singles) in a manner
analogous to fourth order perturbation theory, but using the con-
verged CCD wavefunction instead of the ﬁrst order wavefunction.
This is extremely important to reduce the scaling of the triples
evaluation to a single O(N7) step. The third ingredient was the real-
ization that in an extension to CCSD, two separate contributions of
triples should be included, one each resulting from their interac-
tion with singles and doubles [14,15]. In other words, the triples
have to be treated ‘as a perturbation on a solution already obtained
at the singles-doubles level’ [14]. This idea is exactly analogous to
that used earlier for the inclusion of triples in the QCISD(T) method
[14]. While the contribution arising from singles is usually small
numerically, it frequently has an opposite sign to the dominant
doubles term, and provides stability in many difﬁcult examples.
A similar perspective has been offered by Stanton [16] whoindicates that ‘these two terms should be treated together in
formulating a balanced noniterative correction to CCSD’. In our ori-
ginal Letter [1], we used a detailed analysis of ﬁfth order perturba-
tion theory to justify the proposed approach. The method, labeled
CCSD(T), was proposed and published in Chemical Physics Letters in
1989 [1]. As mentioned earlier, the method has become highly suc-
cessful and our Letter has received over 4000 citations.
The excellent performance of the CCSD(T) method for chal-
lenging chemical problems [17] has been the foundation for many
key applications in quantum chemistry. An important component
here is the extrapolation of the results to the ‘complete basis set’
limit [4,18]. The resulting CCSD(T)/CBS energies [19] have proven
to be remarkably accurate and have given rise to a variety of
highly accurate thermochemical approaches that attain ‘chemical
accuracy’. For example, the G4 [20], W1–2 [21] and ccCA [22] ther-
mochemical protocols rely on the inherent accuracy of the
CCSD(T) correlation treatment. Even more interestingly, in some
cases where higher excitations have been carefully analyzed,
some cancellation of the effects of higher order triples and qua-
druples have been noted. In other words, the CCSDT method,
while computationally intensive, is not always more accurate
than CCSD(T).
More recently, there has been substantial interest in the treat-
ment of weak interactions [23]. The CCSD(T) method is now so
widely accepted that many authors use the CCSD(T)/CBS results in-
stead of the experimental values to calibrate other theoretical
treatments. For example, in the recent extended S66 test set for
weak interactions [24], the energies of molecules at geometries
displaced from their equilibrium values are also used to assess
the accuracy of newly developed methods and density functionals.
Much of this information on the test set comes from CCSD(T)/CBS
calculations on such molecules at displaced geometries.
While the CCSD(T) method has enjoyed remarkable success, any
such perturbative treatment will have its limitations and has to be
assessed in comparison to more accurate methods. In this context,
higher excitation terms such as full CCSDT, CCSDTQ and CCSDTQ5
terms have been incorporated in some thermochemical methods
such as HEAT [25] or W4 [26]. Nevertheless, the sustained success
of the CCSD(T) method even after more than two decades has been
extremely gratifying to all the authors of our original Letter.
This special issue honors Nobel Laureates and their publications
in Chemical Physics Letters. Sadly, Professor Sir John Pople, a pioneer
36 K. Raghavachari / Chemical Physics Letters 589 (2013) 35–36and dominant ﬁgure in the world of quantum chemical
developments for decades, Nobel Laureate in Chemistry in 1998,
Knighted by the British Empire in 2003, and my Ph.D. mentor with
whom I continued to collaborate for more than two decades after
my graduation, passed away in 2004. In the context of the current
summary, Professor Pople has made numerous key contributions
to the developments of electron correlation techniques in quantum
chemistry. Particularly noteworthy are his contributions to
Møller–Plesset perturbation theory (MP2–MP5) [27–32,10], qua-
dratic conﬁguration interaction (QCISD) [14], and coupled cluster
theory (CCD) [33]. Among the most successful applications of these
methods are the thermochemical treatments, G1–G3 theories [34–
40] (and their variants), that set the challenging target of attaining
chemical accuracy using computational methods. While the theo-
retical ideas and mathematical formulae for the perturbative treat-
ment of the effects of triple excitations in QCISD(T) [14] and
CCSD(T) [1] were my contributions, it was Professor Pople’s sug-
gestion to present them in the context of an expansion involving
ﬁfth-order perturbation theory. Clearly, the success of the CCSD(T)
method and its broad acceptance by the entire quantum chemical
community can be seen by the large number of groups that use the
method, the many different software suites where the method has
been implemented, and the ever-increasing number of citations for
our Letter published in Chemical Physics Letters in 1989 (300 cita-
tions in 2012, and more than 4000 citations overall). I dedicate this
summary to the memory of my advisor and scientiﬁc mentor, Pro-
fessor Sir John Pople.
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